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Relation Between Respiratory Muscle Strength
and Skeletal Muscle Mass and Hand Grip
Strength in the Healthy Elderly
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Si Hyun Kang, MD, PhD, Sang Yoon Lee, MD, PhD, Sunhan Son, MD

Department of Physical Medicine and Rehabilitation, Chung-Ang University College of Medicine, Seoul, Korea

Objective To evaluate sarcopenic indices in relation to respiratory muscle strength (RMS) in elderly people.
Methods This study included 65 volunteers over the age of 60 (30 men and 35 women). The skeletal muscle mass
index (SMI) was measured using bioimpedance analysis. Limb muscle function was assessed by handgrip strength
(HGS), the Short Physical Performance Battery (SPPB), and gait speed. RMS was addressed by maximal inspiratory
pressure (MIP) and maximal expiratory pressure (MEP) using a spirometer. The relationships between RMS and
other sarcopenic indices were investigated using the Pearson correlation coefficients and multiple regression
analysis adjusted for age, HGS, and SPPB.

Results Both MIP and MEP were positively correlated with SMI (r=0.451 and r=0.388, respectively, p<0.05 in both).
HGS showed a significant correlation with both MIP and MEP (r=0.560, p<0.01 and r=0.393, p<0.05, respectively).
There was no significant correlation between gait speed and either MIP or MEP. The SPPB was positively
correlated with MEP (r=0.436, p<0.05). In the multiple regression analysis, MIP was significantly associated with
HGS and SMI (p<0.001 and p<0.05, respectively), while MEP was related only with HGS (p<0.05).

Conclusion This study suggests that respiratory muscles, especially inspiratory muscles, are significantly related
to limb muscle strength and skeletal muscle mass. The clinical significance of MIP and MEP should be further
investigated with prospective studies.
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INTRODUCTION

Sarcopenia is an age-related phenomenon charac-
terized by the generalized loss of skeletal muscle mass
[1]. On average, people lose approximately 30% of their
muscle mass between the ages of 20 and 80 [2]. In the
elderly, however, sarcopenia results in reduced mobility
and functional impairment [2,3]. It has therefore it has
become critical to establish the exact criteria of sarcope-
nia assuming the crucial consequences.

The current consensus definition of sarcopenia [4,5] is
based on low muscle mass and low muscle function ac-
cording to the European Working Group on Sarcopenia
in Older People (EWGSOP) [4]. Both muscle strength and
physical performance should be assessed to evaluate
muscle function. Muscle strength can be measured using
hand grip strength (HGS), which is also a good predictor
of clinical outcomes in those with lower extremity muscle
weakness [6]. Physical performance can be assessed by
the Short Physical Performance Battery (SPPB) and gait
speed. According to the International Working Group on
Sarcopenia (IWGS), sarcopenia is defined by low muscle
mass and poor physical function, e.g., gait speed [5].
While the exact definition and criteria for diagnosing sar-
copenia are still in dispute, the major criteria currently
focus on skeletal muscle mass and extremity muscle
strength or function.

There have been recent attempts to estimate the risk of
sarcopenia affecting the respiratory muscles [6-9]. Be-
cause sarcopenia is a generalized process, it is believed
to involve both the limb muscles and the respiratory
muscles. Deterioration of respiratory muscle strength can
result in significant clinical outcomes. Impaired ventila-
tion results in decreased oxygenation and multisystem
organ dysfunction secondary to hypoxia. It is widely be-
lieved that impaired ventilation may also contribute to
an increased risk of cardiovascular disease through the
combination of decreased exercise capacity and higher
oxidative stress [10]. In addition, a decline in respiratory
muscle strength impedes mobility, which is associated
with increased disability, institutionalization, and a worse
quality of life in the elderly [3]. Hence, it is critical to eval-
uate how sarcopenia affects the respiratory muscles along
with physical performance and skeletal muscle strength,
and how all of these factors correlate in the elderly.

This study aims to evaluate skeletal muscle mass, skele-

tal muscle strength, and physical performance in relation
to respiratory muscle strength measured by maximum
inspiratory pressure (MIP) and maximal expiratory pres-
sure (MEP) in the Korean elderly.

MATERIALS AND METHODS

Participants

The study group was composed of healthy volunteers
(30 men and 35 women) aged 60 and older. The partici-
pants were recruited through advertisements, and the
purpose and nature of the study were explained on the
written consent form. Participants with a history of respi-
ratory disease (such as chronic obstructive pulmonary
disease, lung cancer, previous lung surgery, chest wall
deformity, or a current diagnosis of tuberculosis) and a
history of major joint surgery were excluded. Those with
severe osteoarthritis were also excluded, as this could
affect limb muscle function. The study protocol was ap-
proved by the Chung-Ang University Hospital Institu-
tional Review Board (C2015141 (1599)).

Assessment of skeletal muscle mass

Skeletal muscle mass was assessed using bioelectrical
impedance analysis (BIA), InBody S10 (Biospace, Seoul,
Korea). BIA is a non-invasive, convenient tool that has
minimal variation between observers. There was a study
that proved a strong correlation with skeletal muscle
mass measured with dual-energy X-ray absorptiometry
(DXA) and measurement of lean body mass using BIA
[11]. Another study successfully demonstrated a strong
correlation between MRI-measured and BIA-measured
skeletal muscle mass [12]. However, BIA is known to be
inaccurate at extremes of the BMI range or in the severely
ill [13]. There are also multiple factors that may influence
the reliability of BIA measurements, including the posi-
tion of the electrodes and the patient’s body position. To
improve the reliability, only one technician operated the
instrument in this study. Participants were asked not to
eat or exercise for at least 8 hours and to urinate prior to
the measurements. After a subject’s height and weight
were measured, four electrodes were attached to the
extremities in the supine position [14]. Skeletal muscle
mass (SMM) was obtained through body composition
analysis. The skeletal muscle mass index (SMI) [15] was
calculated as SMI (%)=SMM (kg)/weight (kg)x100.
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Measurements of limb muscle strength

Upper extremity strength was evaluated by HGS.
HGS was measured using a hand-grip dynamometer,
T.K.K.5401 (Takei Scientific Instruments, Tokyo, Japan),
which has been widely used in clinical studies [16,17].
Participants were asked to sit in a straight-backed chair
with their feet flat on the floor, adduct and neutrally
rotate the shoulder, flex the elbow to 90°, and place the
forearm in a neutral position with the wrist between 0°
and 30° of extension and between 0° and 15° of ulnar
deviation. The arm was not supported, and a hand-grip
dynamometer was presented in line with the forearm.
Participants were instructed to squeeze the handle as
hard as possible for 3 seconds, and the maximum con-
tractile force (kg) was recorded. The tests were performed
three times on both hands, alternating between the right
and left hands with a 60-second rest period between each
trial [18]. The highest value among the three repeated
measurements was used for analysis.

Measurements of physical performance

To assess physical performance, especially that of the
lower extremities, the SPPB was employed. The SPPB is
a simple test to measure lower extremity function using
tasks that mimic daily activities [19]. The SPPB examines
3 areas of lower extremity function: static balance, gait
speed, and endurance. Static balance was assessed by
the ability to stand with the feet together in side-by-side,
semi-tandem, and tandem positions. Gait speed was as-
sessed by measuring the time taken to walk 8 feet at one’s
usual pace. Endurance was measured by the time taken
to rise from a chair and return to the seated position 5
times.

Measurements of respiratory muscle strength

To acknowledge muscle strength that are independent
of the condition of the lung, the most widely applied
technique in the assessment of inspiratory and expira-
tory muscle strength, MIP and MEP were measured using
a digital spirometer (Pony FX; COSMED, Rome, Italy)
[20]. MIP and MEP are widely used to evaluate global
inspiratory and expiratory muscle strength and measure
the maximum pressures at the mouth [21,22]. Clinically,
MIP is the most common technique in the assessment
of inspiratory muscle strength, and MEP is the only test
generally available for measuring expiratory muscle
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strength [20]. The portable spirometer used in this study
is accurate and reliable when compared to formal labo-
ratory-based spirometry [23]. The results, however, are
highly dependent on subject motivation, and there might
be leaks around the mouth during the performance, es-
pecially at higher pressures and in older subjects [20].
To minimize these errors, at least 5 trials of spirometry
were undertaken, and the participants were asked to
take a deep breath and securely seal their lips around the
mouthpiece to prevent air leakage. The measurements
were carried out in the seated position with participants
wearing a nose clip. The subjects were encouraged to
maximally inspire for MIP and maximally expire for MEP.
Between each of the 5 trials, there was a 1-minute rest
period. The maximum values of each maneuver were re-
corded for analysis [21].

Statistical analysis

The demographic characteristics and measurements
of the participants as well as all numerical variables are
expressed as meantstandard deviation. Correlations be-
tween outcome variables were analyzed with the Pearson
correlation test. Multiple regression analysis was used
to identify independent factors predicting each person’s
respiratory muscle strength, adjusting for age, SMI, hand
grip strength, and SPPB. Significance was defined by p-
values less than 0.05. All data were statistically analyzed
using the Statistical Package for Social Sciences for Win-
dows ver. 17.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Characteristics of subjects

A total of 33 male subjects and 35 female subjects were
recruited, however, 3 participants (2 with chronic ob-
structive pulmonary disease and 1 with an amputated
index finger) were excluded. The final study population
consisted of 65 subjects (30 men and 35 women). The
baseline characteristics of the subjects are presented in
Table 1. The mean age of the participants was 69.90+7.63
(Table 1).

Correlation between respiratory muscle strength and
SMM, HGS, and physical performance indices

Both MIP and MEP were positively correlated with
SMI (r=0.451 and r=0.388, respectively, p<0.05 in both)
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(Table 2). HGS also showed significant correlations with
both MIP and MEP (r=0.560, p<0.01 and r=0.393, p<0.05,
respectively) (Table 2). Gait speed was not significantly
correlated with either MIP or MEP, however, SPPB was
positively correlated with MEP (r=0.436, p<0.05) (Table 2).

Table 1. Characteristics of subjects

Characteristic Value

Age (yr) 69.90+7.63
Gender

Male 30

Female 35
Height (cm) 159.47+5.65
Weight (kg) 62.58+6.80
Body mass index (kg/m?) 24.58+2.69
Skeletal mass index (%) 43.46+6.90
Hand grip strength (kg) 26.57+5.90
MIP (cmH,0) 76.04+28.26
MEP (cmH,0) 82.06+23.15
Gait speed (m/s) 0.99+0.25
SPPB 10.24+1.53

Values are presented as meantstandard deviation or num-
ber.

MIP, maximal inspiratory pressure; MEP, maximal expira-
tory pressure; SPPB, short physical performance battery.

Multiple linear regression analysis between respiratory
muscle strength and conventional sarcopenic indices

In a multiple linear regression analysis where MIP was
a dependent variable, HGS and SMI were significantly re-
lated when adjusted for age and SPPB (3=1.876, p<0.001
and p=1.964, p=0.01, respectively) (Table 3). In a mul-
tiple regression analysis of MEP, however, only hand grip
strength was significant (3=1.102, p=0.02) (Table 3).

DISCUSSION

The results of this study demonstrate that there is a pos-
itive relationship between respiratory muscle strength
and the conventional sarcopenic indices in the Korean
elderly. Even after adjusting for other factors, MIP and
MEP were both significantly associated with HGS (Table
3). The results coincide with previous studies done on
respiratory muscle strength and limb muscle strength
on other ethnic groups that respiratory muscles clearly
have significant relationship with limb muscle strength
[6,24]. One should note, however, that the Pearson corre-
lation coefficients (r) of MIP with SMI and HGS (r=0.451,
p<0.05 and r=0.560, p<0.01, respectively) are relatively
higher than those with MEP (r=0.388, p<0.05 and r=0.393,
p<0.05, respectively) (Table 2). Moreover, multiple linear
regression analysis shows that SMM, the major factor in
diagnosing sarcopenia [4,5], is only significantly associ-

Table 2. Pearson correlation coefficients (r) of respiratory muscle strength, limb strength, and skeletal muscle mass

SMI HGS Gait speed SPPB
MIP** 0.451% 0.560** 0.266** 0.313**
MEP** 0.388* 0.393* 0.219** 0.436*

SM], skeletal muscle mass index; HGS, hand grip strength; SPPB, short physical performance battery; MIP, maximal

inspiratory pressure; MEP, maximal expiratory pressure.
*p<0.05, **p<0.01.

Table 3. Multiple linear regression analysis for respiratory muscle strength using various sarcopenic indices

MIP MEP
SE B p-value SE B p-value
Age 0.569 0.216 0.71 0.464 1.459 0.41
HGS 23.930 1.876 <0.001*** 52.623 1.102 0.02*
SMI 12.785 1.964 0.01* 0.659 0.637 0.34
SPPB 16.536 32.685 0.06 13.615 12.441 0.37

MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; HGS, hand grip strength; SMI, skeletal muscle

mass index; SE, standard error; 3, standardized coefficient.
*p<0.05, **p<0.01, ***p<0.001.
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ated with MIP and not MEP. These observations may sug-
gest that there is sarcopenic involvement of the respira-
tory muscles, especially the inspiratory muscles.

Pulmonary function is believed to partially account
for the association between general muscle strength
and mortality [25]. A sedentary lifestyle combined with
deterioration of pulmonary muscle strength due to ag-
ing results in a decline in mobility, further accelerating
reductions in respiratory muscle strength [26]. There was
also a report stating that respiratory muscle strength is
associated with a decline in mobility in older persons,
independent of limb muscle strength and physical activ-
ity [3]. Assuming the significant clinical consequences,
there have been many attempts to link respiratory muscle
strength and age-related sarcopenia. Recent studies have
examined pulmonary function and sarcopenia in the
elderly [8,9] using data from a Korean National Health
and Nutrition Examination Survey. These studies showed
relationships between the forced expiratory volume in 1
second (FEV1) and the forced vital capacity (FVC) with
SMM. However, it is assumed that the FEV1 and the FVC
rather show the overall function of a lung or pulmonary
condition by the compliance of the lung-thorax system,
demonstrating the resistance of the airways [27]. The fact
that the FEV1 and the FVC values are diagnostic criteria
of chronic obstructive pulmonary disease (COPD) proves
that they reflect pulmonary function rather than respira-
tory muscle strength. Moreover, there are studies that
suggest that respiratory muscle training has proven ef-
fects on MIP and MEP [25,26].

A study looking at 65 Brazilian elderly people demon-
strated a positive correlation between lower limb muscle
function and respiratory muscle strength by measuring
knee flexor/extensor muscle strength, 6-minute walking
speed, and MIP/MEP [24]. There was also a study of 62
male nursing home residents in Turkey that suggested
MIP is significantly related to HGS independent of other
factors [6], which is perfectly in line with the results of our
study. These prior studies have demonstrated a positive
relationship between respiratory muscle strength and
sarcopenia by linking limb muscle function with respi-
ratory muscle strength. None of these studies, however,
reported a direct relationship between SMM and respira-
tory muscle strength. As mentioned above, the current
consensus on the diagnosis of sarcopenia is based on
low muscle mass and/or variably measured low muscle
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strength or physical performance [4,5]. Our study shows
its value in that it compared the actual SMM with respi-
ratory muscle strength, not only with limb muscle func-
tion. To the best of our knowledge, this is the first study to
demonstrate an association between SMM and MIP and
MEP in the elderly Korean population.

The results of this study are also in conjunction with our
previous study about the relationship between respirato-
ry muscle strength and conventional sarcopenic indices
in the young Korean population [28], in that respiratory
muscle strength, markedly MIP, and various sarcopenic
indices are inter-related, which is due to sarcopenia. In
our previous study, MIP was the only value associated
with SMM and limb muscle function. In this study, both
MIP and MEP were independently associated with limb
muscle strength. SMM, the most important factor for di-
agnosing sarcopenia, was only independently associated
with MIP. Because of age-related muscle deterioration,
we assumed that unlike in the young population, MEP
would also have a significant association with skeletal
muscle strength, although to a lesser degree than MIP,
suggesting that inspiratory muscles are more vulnerable
to the age-related changes of sarcopenia. With older pop-
ulation group than our study population, we expect that
even the SMM might also be significantly associated with
MEDP. Future studies with older participants may also be
necessary.

It is still debatable whether MIP or MEP is more reli-
able in reflecting muscle mass in the aging population.
Several studies [29,30] have suggested that the expiratory
muscles might be more vulnerable to the aging process
than the inspiratory muscles. In a study conducted on
children with neuromuscular disease, MIP is relatively
preserved in these patients, therefore, MEP has been em-
phasized as a sensitive marker of the respiratory muscle
deterioration in these patients [31]. However, in the study
with traumatic SCI patients, it was suggested that MEP
might not be a more sensitive marker of the respiratory
muscle deterioration. In patients with a traumatic SCI,
both the inspiratory and expiratory dysfunction devel-
oped simultaneously [32]. Moreover, in the study with
healthy elderly, there was a significant association be-
tween HGS and MIP, but not with MEP, concluding that
in sarcopenia, the inspiratory dysfunction may develop
earlier than the expiratory dysfunction [6]. In the ani-
mal study, there were obvious sarcopenic changes in the
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diaphragm muscles in aging mice than younger group
[33]. The diaphragm is a substantial inspiratory muscle,
further supporting sarcopenic involvement in inspiratory
muscles.

Examining the relationship between respiratory muscle
strength and the parameters of physical performance,
the SPPB showed a moderate correlation with only MEP
(r=0.436, p<0.05). The SPPB, however, failed to show sig-
nificance with MEP in regression analysis (Table 3), indi-
cating that there is no causal relationship between MEP
and the SPPB. Based on these results, it is possible that
the significant correlation between MEP and the SPPB
is due to confounding factors such as age. In addition,
despite an average age of around 70, we recruited only
healthy individuals with good physical performance,
which might have skewed the results. To accomplish the
SPPB, the patients had to perform various tasks requiring
rather complicated instructions and greater effort in ge-
riatric subjects, which might also explain the results. The
significance of MEP in evaluating the physical outcomes
of sarcopenia in elderly people, however, merits further
investigation. It would also be useful to examine the as-
sociation between physical performance and the param-
eters of pulmonary function, such as FEV1 or FVC.

This study has some limitations. Assessing the partici-
pants’ muscle strength and physical function required
each participant’s maximal voluntary effort. Although
we provided a thorough explanation before each trial
and each trial was conducted at least 3 times, it is still
possible that the results do not reflect the participants’
maximal capacity. More importantly, the relatively small
sample size may have masked some statistical results.

To date, this is the first study demonstrating an in-
dependent relationship between respiratory muscle
strength and SMM in the Korean elderly. The fact that
sarcopenia is also associated with respiratory muscle
strength is crucial, as several rehabilitative exercises and
interventions have proven beneficial to strengthening
ventilatory muscles [26,29]. Loss of respiratory muscle
mass and function could be prevented by aptly applying
these exercises. Further studies on sarcopenia and its
effects on respiratory muscle strength are necessary to
improve the life expectancy and quality of life of the geri-
atric population.
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